Background: We aimed to investigate the effect of short-term orthokeratology lens or frame glasses wear on corneal thickness, corneal endothelial cells and vision correction in adolescents with low to moderate myopia. Methods: Data of 100 adolescents with low to moderate myopia were retrospectively analyzed. The patients were assigned into two groups. The experimental group were treated with night-wear orthokeratology lens, and control group were treated with ordinary frame glasses. Follow up was carried out at the 3rd, 6th and 12th months of treatment. The naked-eye vision, diopter, corneal curvature, intraocular pressure, axial length, endothelial cell count and central corneal thickness were examined. Complications within 12 months were observed, and corneal fluorescein staining was graded. Results: The naked-eye vision of the experimental group was significantly higher than that of the control group at the 3rd, 6th and 12th months, while the diopter of the experimental group was significantly lower than that of the control group at these time points. The corneal curvature of the experimental group was significantly decreased when comparing with that of the control group at the above 3 time points. The increase of axial length in the experimental group was significantly less than that in the control group at the 6th and 12th months. Conclusions: Short-term orthokeratology lens wear can effectively improve the naked-eye vision in adolescents with low to moderate myopia without significant impact on the central corneal thickness and corneal endothelial cells. It is a relatively safe method to correct myopia.
Background
Myopia refers to a pathological phenomenon that when parallel light passes through the dioptric system (the body is completely relaxed) and the focal point is located in front of the retina, so patients with myopia see distant blurred and near clear [1] . At present, although there are many studies on myopia, its pathogenesis is still unclear. Most studies indicate that myopia is related to genetic and environmental factors [2] . Myopia, as a common disease among adolescents, has an increasing incidence and a trend toward the younger [3] . Statistics showed that the number of myopic patients in the world had reached 1.406 billion in 2000, and nearly 2 billion in 2010, accounting for about 30% of the global population. It was predicted that the number of myopic patients worldwide might exceed 4.7 billion by 2050, accounting for 50% of the global population [4] . Various long-term complications might occur in patients with the worsen of myopia, including cataract, glaucoma or even retinal detachment, which seriously impact the visual function of patients [5] . Research statistics showed that more than 300,000 people in China were blind due to myopia [6] . Therefore, the treatment for myopia is one of the major clinical issues.
The approaches to correct myopia in clinic include drug therapy, surgery, frame glasses and corneal contact lenses etc. [7] . The most common way of correction is using a pair of frame glasses for it is a simple method and the glasses can be changed at will according to the change of the patient's eyesight [8] . Drug treatment can be divided into long-term and short-term treatment. At present, low-concentration atropine has made favorable progress in controlling myopia, however, long-term use of drugs, which results side effects and drug resistance, needs to be further improved [9] . Surgical treatment is generally used in patients over 18 years and with stable diopters, which is not recommended for adolescents and children [10] . Corneal contact lens consists of a plurality of arc segments and includes three types: soft lens, rigid lens and orthokeratology (OK) lens. Among them, the OK lens plays a significant role against myopia and diopter change; besides, OK lenses only need to be worn at night, which has less influence on the wearer's daily work [11] . Some studies have shown that OK lens can effectively improve diopter of myopic patients, but the long-term directly contact of cornea gives constant mechanical pressure to the eyes, which results certain influence on the corneal layer of the patient [12] . Whether the short-term wear has influence on the endothelial cells and corneal thickness of the wearer is unclear.
Therefore, we carried out a study of short-term OK lens or frame glasses wear for myopia correction in juvenile patients with low to moderate myopia, so as to investigate the influence on central corneal thickness and corneal endothelial cells.
Materials and methods

Clinical data
The data of 100 adolescents (200 eyes) with low to moderate myopia admitted to Tianjin Eye Hospital from March 2016 to July 2017 were analyzed retrospectively and grouped according to the different correction methods. There were 53 patients in experimental group (28 males and 25 females, aged 8-15 years, with an average age of 11.4 ± 2.2 years) and 47 patients in control group (25 males and 22 females, aged 8-15 years, with an average age of 11.0 ± 2.3 years). This study was approved by the Medical Ethics Committee of Tianjin Eye Hospital. Written informed consent form was obtained from all patients and their guardians.
Inclusion criteria
Patients were eligible if they were aged 8-15 years old; had diopter from − 1.50 D to − 5.00 D, had with-the-rule astigmatism less than 1.50 D; had against-the-rule astigmatism less than 1.00 D; could have corrected visual acuity of both eyes at 1.0; could master the scientific lenses wear method; had complete clinical data; and cooperated with correction treatment, follow up and regular review.
Exclusion criteria
Patients were excluded if they had immunological defects, congenital defects, mental diseases, asthma or malignant tumors and needed long-term medication; or were unfit for the correction plans.
Instruments and materials
Overnight OK contact lenses (Equines II, oxygen permeability 90-110, geometric reverse four-arc surface) applied Corneal Refractive Technology. The slit lamp microscope (YZ5S) was purchased from Topcon, Japan. Corneal topography (TM-4) was purchased from Tomey, Japan. Keratometer (ARK-510A) was purchased from Nidek, Japan. Iolmaster was purchased from Zeiss, Germany. Non-contact tonometer (Canon TX-F) was purchased from Canon, Japan. Corneal endothelial microscope was purchased from Nidek, Japan. VI-Cell Fig. 1 Naked-eye vision and diopter in the two groups. a: The naked-eye vision of the control group was significantly lower than that of the experimental group at the 3rd, 6th and 12th months ( *** p < 0.001). b: The diopter of the control group was significantly higher than that of the experimental group at the 3rd, 6th and 12th months ( *** p < 0.001). Compared with before treatment, a p < 0.01; compared with the 3rd month, b p < 0.01; compared with the 6th month, c p < 0.01 XR corneal endothelial cell counter (CEM-530) was purchased from Beckman Coulter, USA.
Methods Optometry
Visual acuity of patients was tested by a logarithmic visual chart at a distance of 5 m. The uncorrected visual acuity referred to the logarithm of the smallest row that the patient saw (two eyes were tested separately), which was tested starting with pointing the letters from big ones to small ones. A slit lamp was used to examine the patient's eyes from right to left to see if there was any pathological or morphological change. The nerve nipples, macular area, retinal vessels and retina of patients were examined. During the examination, patients should roll their eyeball to ensure that no relevant diseases occurred. The keratometer and corneal topography were used to detect the overall morphology of the patient's cornea so as to evaluate the optical characteristics.
The tests were carried out for 3 times repeatedly. The number and regularity of corneal endothelial cells were detected by corneal endothelial cell counter.
Wear method
The frame glasses in control group were made and wore according to the conventional method, while patients in the experimental group wore the OK lenses for 8-10 h overnight. Eye drop was given after awaking in the morning, and 10 min later the lenses were removed.
Outcome measures Main outcome measures
Follow-up was performed 3 months, 6 months and 12 months after the start of treatment. The naked-eye vision, diopter, corneal curvature, intraocular pressure, axial length, endothelial cell count and central corneal thickness were examined. Secondary outcome measures: Complications during the correction period and corneal fluorescein staining grade of patients were observed. See Table 1 for the grading.
Statistical analysis
In this study, SPSS 20.0 (Shanghai Cabit, China) was used for statistical analyses. GraphPad Prism 7 (Shenzhen SOFTHEAD, China) was used for output of figures. Measurement data were expressed as mean ± standard deviation, compared between groups by independent sample t-test, and compared within groups between different time points by paired t-test. The counting data were expressed as percentage (%), processed by chisquare test. There was a statistical difference when p < 0.05.
Results
Analysis of clinical data
There was no statistical difference in clinical data between the two groups (all p > 0.05), so the two groups were comparable. See Table 2 .
Naked-eye vision and diopter
It was found that the naked-eye vision of patients increased gradually in the experimental group, while decreased gradually in the control group. The naked-eye vision of patients in the experimental group was significantly higher than that in the control group at the 3rd, 6th and 12th months (all p < 0.001). The diopter gradually decreased in the experimental group, while gradually increased in the control group, and was significantly lower in the experimental group than in the control group at the 3rd, 6th and 12th months (all p < 0.001). There was a difference between any other time points (within group) in both groups in terms of naked-eye vision and diopter (naked-eye vision: F = 32.098 in the control group, F = 727.005 in the experimental group, both p < 0.001; diopter: F = 29.613 in the control group, F = 1344.184 in the experimental group, both p < 0.001). See Table 3 , Table 4 and Fig. 1 .
Corneal curvature, intraocular pressure and axial length during follow-up period
It was found that the corneal curvature of the experimental group decreased significantly compared with that of the control group at the 3rd, 6th and 12th months of treatment (all p < 0.001). The differences of intraocular pressure between the two groups were not statistically significant before treatment as well as at the 6th and 12th months of treatment (all p > 0.05). The increases of axial length in the experimental group were significantly less than those in the control group at the 6th and 12th months (p = 0.002 and p < 0.001). The differences of corneal curvature and intraocular pressure in the control group between each time point were not significant (corneal curvature: F = 0.150, p = 0.930; intraocular pressure F = 0.019, p = 0.996), but there were differences in axial length between each time point (F = 8.345, p < 0.001). In the experimental group, there was no difference in intraocular pressure and axial length (intraocular pressure F = 0.130, p = 0.942; axial length: F = 1.393, p = 0.244), but there were differences in corneal curvature between each time point (F = 196.545, p < 0.001). See Tables 5, 6 , 7, 8 and Fig. 2 .
Changes of endothelial cell count and central corneal thickness
There was no difference in the endothelial cell count and central corneal thickness as well as their difference values between the two groups (all p > 0.05). Additionally, the differences of endothelial cell count and central corneal thickness within each group between different time points were also not significant (all p > 0.05). See Tables 9, 10, 11, 12 and Fig. 3 .
Complications and corneal fluorescein staining
We found that the incidence of complications in the control group was significantly lower than that in the experimental group (χ 2 = 4.913, p = 0.027), as shown in Table 13 . There was no statistical difference in the grade of corneal fluorescein staining between the two groups (Z = − 0.255, p = 0.799). See Table 14 .
Discussion
Scholars have suggested that myopia is caused by both genetic and environmental factors, while other studies have shown that long-hour work and reading at short range can also lead to myopia [14] [15] [16] [17] . The incidence of myopia among adolescents has increased significantly mainly because their eyeball is in a state of adjustment during long-hour short-range reading. Excessive adjustment causes ciliary muscle to contract continuously, Fig. 2 Changes of corneal curvature, intraocular pressure and axial length. a: Compared with the control group, the corneal curvature in the experimental group decreased significantly at the 3rd, 6th and 12th months, *** p < 0.0001. b: There was no statistical difference in intraocular pressure between the two groups at each time point (all p > 0.05). c: The axial length at the 6th and 12th months in the control group was significantly higher than that in the experimental group, ** p < 0.01, *** p < 0.001 eventually leading to function decline and axial myopia. Survey showed that the incidence of myopia among teenagers is positively related to the increase of school work, and the incidence among adolescents in urban areas is significantly higher than that in rural areas [18] . It is urgent for medical staff to find a better way for myopia treatment and prevention. OK lens is a kind of auxiliary treatment, which differs from ordinary contact lens in terms of design concept, technology and materials. The OK lens adopts a multiarc design, which flattens patients' cornea, reshapes the corneal curvature, improves visual acuity, and avoids the progress of myopia [19] . However, it is not clear whether there is a safety problem when OK lens directly contacts the cornea of patients. Therefore, this study aimed to explore the correction effects of short-term OK lens or ordinary frame glasses wear, and the influence on central corneal thickness and corneal endothelial cells in adolescents with low to moderate myopia to provide a basis for clinicians in terms of correction plans.
Wen's study showed that the naked-eye vision of juvenile myopia patients was obviously improved and the diopter was reduced by wearing OK lenses [20] . In this study, we compared two groups of patients and found that the naked-eye vision in control group (ordinary frame glasses) was significantly lower than that in the experimental group (OK lenses) at each time point, and the diopter in the control group was significantly increased, with significant differences when comparing with that in the experimental group at each time point. It can be indicated that the OK lens significantly improved the visual acuity and diopter in juvenile patients. Wang's 6-month study showed that OK lenses wear had no significant impact on patients' intraocular pressure, and the axial length in patients wearing frame glasses was significantly longer than that in patients wearing OK lenses [21] . We also detected the changes of corneal curvature, axial length and intraocular pressure in the two groups of patients. We found that the corneal curvature in the control group was higher than that in the experimental group at each time point in the correction process. Although the axial length increased in both groups, it was significantly lower in the experimental group than in the control group at the 6th and 12th month of correction. The intraocular pressure between the two groups had no significant difference during the correction process. Our results indicate that OK lenses can improve the corneal curvature and axial length, and have no obvious influence on the intraocular pressure in myopic patients, which is beneficial to the correction of visual acuity. Study of Zhou et al. found that the corneal curvature of patients wearing OK lenses was significantly lower than that of patients wearing frame glasses, which is consistent with our results [22] . We also examined the corneal thickness and corneal endothelial cells in two groups of patients, and found no difference in the two indexes between the two groups. The results indicate that although the OK lens directly contacts patients' cornea, it has no significant influence on corneal thickness and endothelial cell count. Besides, we found no significant difference in the corneal fluorescein staining grade between the two groups. The incidence of complications in the control group was significantly lower than that in the experimental group. It indicates that patients wearing OK lenses are prone to have complications. But we found that the main cause of complications in the experimental group was the irregular wear method and daily cleaning, and the complications were reduced after giving guidance to the patients.
However, there are still some limitations in this study. Firstly, the follow-up period was not long enough; the mechanism of action has not been explored in depth; indexes such as changes of tear film and peripheral corneal thickness were not analyzed. Secondly, it is not clear whether reading time and/or screen time had any impact on the study results for we failed to record the relevant data. Lastly, we used both eyes from each participant, which may cause confounding in the study results. Therefore, we will carry out further studies with larger sample size, longer follow-up, more adequate detection indexes to explore the mechanism and to verify our results. In recent years, there is a kind of soft eye contact lenses in the market. Report showed the safety and convenience of soft lenses as compared with the rigid lenses [23] . But at present there are no reports about its long-term safety. Therefore, we also hope to delve into this aspect in future studies, so as to provide reference for clinical treatment.
Conclusions
In summary, short-term OK lens wear can effectively improve the naked-eye vision in adolescents with low to moderate myopia without significant impact on the central corneal thickness and corneal endothelial cells. It is a relatively safe method to correct myopia. And it is necessary to master the correct and scientific optometry as well as methods for cleaning and preservation to better play its role.
Abbreviation OK: orthokeratology
